Introduction
The ability of both developed and developing countries to reduce the intensity of energy use is thought to play an important role in determining the world's capacity to grow sustainably in the future. Reducing the energy intensity of firms and households is considered to be a practical solution to many of today's common challenges including global energy shortages; mitigating against further changes in the climate; and reducing the impact on health of local air and water pollution. Understanding the factors that influence energy intensity are of first-order importance for academics and policymakers especially given the rise of rapidly growing and energy hungry economies such as China and India. 1 The purpose of this paper is to investigate the determinants of province level energy intensity in China.
Specifically, we examine the impact of urbanization, income per capita, and industrialization on energy intensity in China for a sample of 30 provinces for the years 1995 to 2012. In addition to examining the direct impact of these variables on energy intensity this research also examines a number of indirect channels (construction, transportation, industrial upgrading, and changing lifestyles) by which changing urbanization may effect energy intensity.
This is a period in China's history categorized by rapid economic development and a correspondingly large increase in the demand for energy. From the 1990s to the current day China has experienced a steady but slow decline in energy intensity albeit with a period of rising energy intensity in the middle of the last decade. Hence, understanding the factors that drive changes in energy intensity in China is important for policymakers who are looking to develop instruments to address China's energy security and pollution concerns.
One of the factors thought to be important in the evolution of energy intensity is the role of urbanization. Over the previous 35 years China has witnessed urban population growth of more than 500 million people [1] . Currently, China has the world's largest urban population (758 million), followed by India (410 million) [2] . These two countries now account for 30 per cent of the world's urban population. In the third plenum of the 18 th Central Committee of the Communist Party of China made public on October 15 th 2013 it became apparent that China's model of urbanization was changing. The previous model of rapid but inefficient urbanization is to be replaced with greater priority given to services and a larger role for the free market. The hope is that the changes will result in high quality urbanization. The thinking is that by putting additional emphasis on technology and the efficient clustering of factors of production there will be improvements in the efficiency of industrialization and hence a more efficient use of energy.
In March 2014, the long awaited first official plan on urbanization, namely the National New-Style Urbanization Plan (2014-2020), was issued by the Central Committee and the State Council to provide guidelines for the reasonable flow of migrants into urban areas. According to the National Migrant Workers Monitoring Survey Report 2014 issued by National Bureau of Statistics of China [3] , the total number of migrant workers reached 273.95 million with a growth rate of 1.9% in 2014. With the emphasis on city ecological progress and urban quality, the plan acknowledged an unequal treatment of rural migrant workers (due to the hukou system of household registration) and promises to help 100 million of the 260 million migrants and other permanent urban residents to obtain urban household registration within the planned period. 2 In addition, China is currently experiencing environmental degradation (as a result of local pollution) and energy security concerns. Following two decades of rapid growth, China become the world's largest global energy consumer in 2010 and has surpassed US becoming the world's largest crude oil importer in April 2014 [4] . In 2011 China became the world's largest power generator driven by a rapidly modernizing and industrializing economy. The degree of China's dependence on energy imports has increased continuously. The domestic demand-supply gap in 2014 reached 407 million tons of standard coal equivalent and the reliance on foreign crude oil reached a new record of 59.6% [5] . One of the by-products of increased energy consumption is the proliferation of serious environmental problems caused by the emissions of local and global pollutants. China is coming under increasing pressure from its local population and the rest of the world to reduce their contribution to the emissions of local air pollutants and greenhouse gases which will help to mitigate the effects of pollution on health and climate change respectively. For
China to reduce its dependence on foreign energy resources and hence improve energy security it is important to understand the factors that impact on energy efficiency.
China's recognition of these concerns is reflected in the increased emphasis on long term sustainable growth. In terms of the energy sector, the Third Plenum in October 2013 suggests that China is looking to adopt market-based pricing of energy related products at the same time as increasing energy efficiency and investing further in renewable energy. This change builds on the announcement in the twelfth five-year plan of 2011 that set an explicit target of reducing energy intensity by more than 16% by 2015. This target was met in early 2015.
A country's energy intensity is influenced by a wide range of factors. The existing literature generally agrees that income and industrialization have a significant impact on energy intensity.
There is a large theoretical and empirical literature showing the income effect on energy consumption based on the Environmental Kuznets Curve (EKC) which suggests a non-linear inverted U-shape relationship between a country's income level and energy usage [6] [7] [8] .
Industrialization has also been shown to be an important contributor of rising energy intensity.
The majority of the current research finds a positive relationship between industrialization and energy consumption for China and more generally [9] [10] [11] . The impact of urbanization is a little more complicated. On the one hand, urbanization tends to increase demand for more energyintensive products as urban residents rely much more on electrical appliances (e.g. air conditioning) and modern transportation (automobiles) which implies a higher energy demand per person than those living in rural areas. On the other hand, the concentration of production and consumption in a relatively small geographical area should provide opportunities for economies of scale that can lead to improvements in overall energy efficiency.
Hence, the contribution of this paper is three-fold. First, previous studies of the relationship between energy intensity and urbanization [10] [11] [12] [13] have tended to use only one indicator of urbanization which is usually the urban population rate measured as urban population divided by total population (Urban1). In this paper an additional measure is employed that takes into account China's "hukou" system. Since there are two categories of household IDs in China, namely agricultural households and non-agricultural households, there is some debate about whether those individuals that are considered to be part of the short-term floating population can be treated as part of the urban population [14] . The household registration system that has lasted for more than 60 years has resulted in over 250 million rural migrants living in the cities without an urban "hukou" [3] . Although migrants provide low-cost labor they are perceived to receive unfair treatment in regard to the availability of public services and social welfare (e.g. education and health care). Based on the studies that examine the demographic measurement of urbanization [15, 16] , urbanization is measured alternatively as the non-agricultural population divided by total registered population (Urban2) to reflect the formal urbanization level.
The second contribution is to investigate the different channels through which urbanization exerts an indirect impact on energy intensity. Based on previous studies [11, 12, 17] , four indirect channels have been identified, namely a construction pathway, a transportation pathway, an industry upgrade pathway and a residential consumption or lifestyle pathway. However, there has been no previous empirical validation of the magnitude of each of these channels on energy intensity. In this study the indirect effect of urbanization is investigated extensively based on two energy resources (coal and electricity).
The third contribution, following Sadorsky (2013) [11] , is to control for heterogeneity across the unit of analysis using two different mean group estimators. Controlling for heterogeneity is important given the considerable variation in the economic development, resource endowments and climate across China's 31 mainland provinces. Such an approach is needed because the strict assumption of parameter homogeneity required for classical regression models is unlikely to hold across Chinese provinces. Moreover, because energy related policies are managed by the central government it is likely to have cross-sectional dependence within the province level panel. Hence, standard panel techniques will tend to produce biased and inconsistent results. More specifically, the extended version of the Mean Group estimator, the Augmented Mean Group (AMG)
estimator [18] is employed that takes both heterogeneity across parameters and common factors into account.
To briefly preview the results, it is shown that urbanization exhibits a positive direct impact on energy intensity generally. Urbanization measured by the "hukou" system has a significant impact on the total energy intensity while urbanization measured by the percentage of the floating urban population shows a positive and significant direct impact on coal consumption intensity and electricity consumption intensity. A one percentage point increase in urbanization based on the floating population is shown to increase coal intensity and electricity intensity by 1.5% and 0.8% respectively. As for the indirect channels, they turn out to be negative or insignificant determinants of energy intensity. The indirect effect through the construction sector is shown to be the most significant channel. Transportation and industrial upgrading are found to be significant determinants but only under certain circumstances. Different lifestyles, whether in high or low urbanized areas, appear to have a similar contribution to aggregate energy intensity when taking into account cross-sectional dependence and province level heterogeneity. Other covariates such as income per capita and industrialization tend to play more important roles than urbanization in affecting China's provincial energy intensity perhaps as a result of the negative impact of the indirect urbanization channels. Income per capita has a negative and stable influence on energy intensity while industrialization has the expected positive effect. In terms of the two urbanization proxies, the informal measurement based on floating urban population generally affects energy usage through the first three channels while the formal measurement of urbanization based on the "hukou" system tends to affect energy usage through the construction and transportation pathways.
The remainder of the paper is organized as follows. Section 2 discusses the mechanisms by which urbanization, income and industrialization are expected to impact on a country's energy intensity.
Section 3 presents the methodological approach while Section 4 provides a summary of the data.
The results are presented in Section 5 before Section 6 concludes.
Literature review
In this review of the literature we concentrate on the impact of urbanization on energy efficiency but also comment on the impact of industrialization and income of energy efficiency.
The impact of urbanization on energy intensity
According to the 2012 UN Environment Programme [19] , urban areas, which currently occupy around 3% of the world's surface area, were estimated to consume approximately 75% of the natural resources and account for 60-80% of all greenhouse gas emissions. Urbanization can impact energy use through direct and indirect channels. The direct impact refers to the straightforward effect that urbanization exerts on energy use. The seminal study from Jones (1989) [20] demonstrates that energy consumption increases as a result of, not only income per capita and industrial structure, but also the rate of urbanization. [26] find that although urbanization appears to exert a negative impact on energy use for low-income groups it is positive for middle-and high-income country groups. From the perspective of ecosystem integration, Long et al. (2016) [27] finds that urbanization has a potential to decrease the ecological footprint associated with increased income.
For China specifically, a number of studies examine the direct relationship between energy consumption and urbanization [10, [28] [29] [30] [31] . For example, Jiang and Lin (2012) [10] show that trends in industrialization and urbanization predicts that China's energy demand will keep rising until 2020. In terms of urbanization, Liu (2009) [28] finds unidirectional Granger causality from urban population density to total energy consumption although the contribution from urbanization tends to be smaller in the later years of the sample. At the province level, Zhang and Lin (2012) [29] show that urbanization has a positive effect on both energy consumption and CO 2 emissions although when they take China's unbalanced regional development into account they find that energy consumption decreases dramatically as one moves from the western to the eastern provinces.
More recently, Ma (2015) [30] finds that urban infrastructure to be a major determinant of the positive short-run relationship between urbanization and energy intensity, while the long term increase in energy use associated with urbanization is driven by residential consumption patterns and urban transport systems. Although Ma (2015) touches on the transport, residential consumption channels, the effectiveness and magnitude of each is not examined in any detail.
Finally for China, Yan (2015) [31] also uses province level data and finds a positive and significant impact of urbanization on both aggregate energy intensity and disaggregate energy intensity with the elasticities ranging from 0.111 to 0.287 for the proportion of the population that is urban and from 0.269 to 0.350 for the proportion of the population that is non-agricultural.
Turning to the indirect channels by which urbanization impacts energy efficiency, several have been identified by Jones (1991) [12] and Madlener and Sunak (2011) [17] and summarized by Sadorsky (2013) [11] . The arguments are briefly rehearsed again here. The first indirect channel is the need for growing cities to absorb ever increasing volumes of high energy intensive products such as steel and cement. Urbanization means additional demand for building stock and other infrastructure resulting in inner-city clustering and land shortages which can lead to a greater use of multi-level building [21] . Office buildings, power plants, sewage networks are generally accompanied by significant ongoing energy inputs. Likewise, the maintenance of completed infrastructure projects tends to be energy hungry. In addition, in developing countries, the process of urbanization is often associated with the uncontrolled diffusion of informal settlements and illegal housing which are usually inefficient in their use of energy, even though informal dwellings (e.g. shanty towns) often lack access to basic amenities including electricity.
The second channel is that as the scale of urban production increases, raw materials need to be transported from their often rural origin to the urban production center and final goods in turn need to be transported to the destination of consumption which is likely to be other urban conurbations or overseas. Urbanization also increases intra-city mobility which causes the emissions of various pollutants especially in developing countries where the basic transit infrastructure is generally poor leading to the greater use of private trucks and automobiles.
Thirdly, urbanization is associated with a concentration of economic activity and hence an increase in urban production. When people move to the city from rural areas the result is that more human resources are absorbed by the relatively more energy intensive secondary and tertiary sectors. The decline in the agricultural population can also lead to an increasingly mechanized and more energy intensive agricultural production process [32] . In addition, in those countries that have a large informal market where economic activities are neither taxed nor registered, energy consumption can rise [33] . Counter balancing these effects is the notion that rising competitive pressures and land scarcity tends to drive urban production to be more innovative and to use modern and more technologically advanced capital which is likely to be more environmental friendly [20] .
Finally, a forth channel by which urbanization impacts energy intensity is through the change in lifestyle and consumption patterns of the newly urbanized citizens who tend to be more dependent on certain energy intensive products such as air conditioners, refrigerators and private vehicles [20] .
Increasing disposable income also increases the likelihood that households will purchase more electrical appliances. In addition, urban dwellers are more likely to derive their energy from coal or natural gas and not from decentralized sources of energy such as wood.
Although the previous literature discusses the indirect mechanisms by which urbanization impacts energy intensity, few provide a systematic assessment of these different channels. One exceptions is Liddle (2004) [34] who finds that densely populated countries tend to have a lower personal vehicle demand. Similar results are found for an input-output life-cycle assessment model for
Toronto [35] . Transportation-related greenhouse gas emission per capita are estimated to be 3.7 times higher from low residential density areas. The rank-size relationship is also true when considering the embodied energy and pollutants from the construction industry.
With regard to lifestyle and residential energy consumption, Krey et al. (2012) [36] focus on urbanization in China and India using an integrated assessment model and show that total consumption of fossil fuels in the residential sector is not sensitive to urbanization arguing that it is the evolution of labor productivity induced by urbanization that really matters. O'Neill et al. with insufficient organizational coordination between government agencies and the low priority given to energy efficiency in national quality testing as the main challenges.
The impact of income per capita on energy intensity
A number of studies that examine the relationship between income and energy consumption with mixed results. Malenbaum (1978) [6] was the first to show resource intensity changing with income. Galli (1998) [7] in turn estimated the long-term relationship between energy intensity and income for ten Asian emerging countries across 28 years and found a negative and significant coefficient for the squared income term. Zhao and Fan (2007) [8] examined the relationship between growth and energy consumption for different Chinese regions using a smooth transfer regression (STR) estimation and found a stationary nonlinear relationship even during different developing phases. A recent study by Song and Zheng (2012) [41] shows that although the evaluation process of China's energy intensity follows a U-shape, the turning point is higher than 95% of the sample meaning that for most years, energy intensity follows a declining trend with regard to GDP per capita. [44] find no strong causal relationship between Chinese economic growth and the energy consumption.
The impact of industrialization on energy intensity
Industrialization, which refers to the process by which a society transforms itself from a traditional agricultural society to one based on higher value added manufacturing, means that mechanized mass production and assembly lines are used to replace craftsmen and individual manual labor.
The result is higher energy consumption driven by certain heavy industries (for example ferrous and nonferrous metals processing, petroleum refining and paper and allied production). Sadorsky [48] argue that structural changes had an increasingly important effect on aggregate energy intensity especially after 1995.
Advances in technology can also make production more environmental friendly. In China, nonstate and foreign investment has also had a significant impact on the diffusion of energy-saving technologies [49] . The cleaning effect of new technology is also found by Garbaccio et al.
(1999) [50] who finds that technical change within an industry is the main driver of a declining energy-output ratio (with structural change increasing energy consumption).
Methodology
The empirical approach of this paper follows Sadorsky (2013) who uses Jones' (1991) original estimating equation to enable us to estimate the relationship between three measures of energy intensity and income per capita, industrialization and two alternative measures of urbanization.
The estimating equation (in logs) is therefore given by:
The subscripts i and t denotes a province and year respectively. The dependent variable is either total energy intensity (TEI), coal energy intensity (CEI) or electricity energy intensity (EEI).
The right hand-side variables are measures of income per capita (YPC), industrialization (IND) and the measures of urbanization (Urban1 and Urban2). captures year fixed effects and ξ captures province fixed effects.
is the error term.
Using logs and assuming the error term is distributed with zero mean and constant variancecovariance matrix the coefficients can be interpreted as elasticities. One concern however is that classical panel regression techniques could produce misleading and inconsistent results because of the homogeneity assumption across provinces. Under the homogeneity assumption pooled OLS and various fixed effects specifications impose the condition that 1 = 1 , 2 = 2 , 3 = 3
and negates the possibility of individual panel specificity. In this case, this is a concern because the variables are measured at the province level where there are considerable differences in growth and development between the coastal and inland provinces.
The ideal solution to address this possible source of bias is to estimate separately. 1 , 2 , 3 A starting point is to use the standard Mean Group (MG) estimator developed by Pesaran and Smith (1995) [51] . The β coefficients are estimated separately for each province and the simple arithmetic average is taken. For i , let; = 1,2,3⋯ , = 1,2,3⋯
is the panel-specific coefficient vector and is the vector of independent variables including , and where subscript i represents an individual province.
Although Mean Group (MG) estimators can account for parameter heterogeneity they are still based on the assumption of cross sectional independence. If the assumption fails to hold then the MG estimation procedure will lead to biased and inconsistent results. To address this problem Eberhardt and Teal (2008) [18] developed the Augmented Mean Group (AMG) estimator which takes into account both parameter heterogeneity and possible cross-sectional dependence. The AMG estimator includes a "common dynamic process" extracted from a pooled OLS regression of first differences which provides a panel-equivalent average movement of the unobserved common factors. Common factors are those that are time specific and common across provinces.
The AMG approach follows a two-stage procedure; of the unobservable common factor over time. 3 To identify the channels by which urbanization impacts energy intensity the estimating equation also includes the energy intensity of different sectors and the corresponding interaction term. The estimated coefficients on the interaction terms capture the direction and magnitude of the indirect impact of urbanization on energy intensity. A significant interaction term implies that the intensity contribution from that subsector is dependent on the level of urban development. The estimating equation is therefore:
The subsector intensity is calculated by measuring CEI/EEI for the construction, _ transportation, tertiary and residential sectors. Detailed definitions can be found in Table B1 of appendix B.
Data

Data description
The province level data are collected from China Statistical Yearbooks, China Population Statistical Yearbooks and China Energy Statistical Yearbooks. Tibet is excluded since it contains only a small numbers of observations and has extreme high values of energy intensity due to the low real GDP. A linear interpolation is used to account for the boundary change for Chongqing.
Classified by energy resources, three types of energy intensities are analyzed, namely total energy intensity (TEI), coal intensity (CEI) and electricity intensity (EEI) which are measured by energy consumption per real GDP, coal consumption per real GDP and electricity consumption per real GDP respectively. According to the purpose of energy use, energy intensity is disaggregated so that it corresponds to each of the four impact channels. Income per capita refers to the real gross domestic product per capita and industrialization is measured as the industrial value added divided by GDP. Two measures of urbanization (discussed in more detail later) are defined as the percentage of the population living in urban areas by total province population at year end (Urban1) and the percentage of non-agricultural population by the number of people registered in the province (Urban2). Table B2 provides a simple correlation matrix for the main variable of interest. The raw data suggest a negative correlation between total energy intensity and income per capita, industrialization and urbanization. Table 1 provides a summary of the key variables for each of China's 30 provinces between 1995 and 2012. The heterogeneity across provinces is evident with aggregate energy intensity ranging from a low of 0.816 in Guangdong to 3.428 for Ningxia. The industrialization and urbanization variables have a lower variance although Beijing still has an urbanization rate that is more than double that of many of the other provinces in China.
[ Table 1 about here] Table 2 provides data descriptive for the key variables for each of China's 30 provinces. It shows that income per capita grew by an average of 11.2% a year while energy intensity fell by an average of 3.7% a year. The decline in coal intensity averages 6.3% a year which is a lot faster than that for electricity intensity which declined by just 1.3%. At the same time industrialization increased by an average of 0.78% a year. The average annual growth rates for urbanization indicators Urban1 and Urban2 were 4.3% and 2.5% respectively.
[ Table 2 about here] Figure B3 shows that income per capita continued to rise throughout this period.
Formal and informal urbanization
Studies that distinguish between formal and informal urbanization in China date back to the nineties. For example, Liu and Liang (1997) [15] provide a detailed case study of the informal urbanization on the fringe of Beijing. In addition to political, cultural and social reasons, economic factors are regarded as some of the most important determinants of rural-urban migration. Zhu (1998) [16] argues that the distinction between formal and informal urbanization is important to understand the urbanization process in China and provides a precise definition of formal and informal urbanization. The formal urban population refers to the de jure urban citizens who have the non-agricultural hukou registration while the informal urban population also includes some de facto urban inhabitants that consist of the floating population that have arrived from other areas as well as local residents that only hold the agricultural hukou registration even if they are involved in non-agricultural activities.
Following previous studies a distinction is made between measures of urbanization based on hukou registration (Urban 2) and those based on the urban floating population (Urban 1). Table 3 provides the annual average population based on these two definitions from 1995 to 2012. At the first glance one can observe that the urban population is consistently higher than the nonagricultural population that is currently registered in that province. The difference between the floating population and local citizens is the agricultural population that have arrived from rural areas and other non-agricultural people from other cities. Guangdong, and Zhejiang have the largest recorded difference between the two measures and considered to the largest hosts for migrants during the period of analysis, a finding that matches that of Zhang and Song (2003) [52] who find that at the end of 1998, Guangdong, Zhejiang, Fujian and Jiangsu were the top-four migration host provinces.
Empirical Results
Before we present our results, note that classic panel unit root tests that do not take cross-sectional dependence into account can be misleading (low power). Standard unit root tests can over reject as a consequence of considerable size distortion [53] . Hence, Pesaran (2007) [54] developed the CIPS test (Cross-sectional Im-Pesaran-Sin test) for stationarity that can also be used as a test for cross-sectional dependence. Table 4 presents the CIPS test and the CD test for cross-sectional dependence [55] for each of the variables. The p-values in the second column of Table 4 show that each of the series rejects the null hypothesis of cross-sectional independence except CEI in transportation industry. The CIPS test which contains two lags, a trend term and an intercept also indicates that the series include a unit root. When searching for an appropriate model to test the hypothesis one should look for a high p-value for the CD test and a low p-value for the CIPS test. The results at this stage are similar to those of Sadorsky (2013) whose data also exhibit cross-sectional dependence with each series containing a unit root.
[ Table 4 about here] To investigate the relationship between urbanization, industrialization, income per capita and energy intensity a series of models under different assumptions are estimated Tables 5 and 6 present the results using pooled OLS and simple fixed effects models to benchmark the results against those of previous studies. Three types of energy intensity are investigated, namely total energy intensity (TEI), coal energy intensity (CEI) and electricity energy intensity (EEI). Table 7 presents the mean group estimations that take into account cross-sectional dependence while Table 8 presents the results from the AMG estimations that allow for both cross-sectional dependence and heterogeneous slope parameters. Finally, Tables 9 to 12 present the indirect results where the four channels by which urbanization may have an indirect impact on energy usage are estimated. Year dummies are included and all models are estimated with robust standard errors. As part of a series of robustness checks all models were re-estimated including quadratic terms (which were nearly always insignificant and hence not reported) and using the alternative measure of industrialization (secondary sector value added divided by GDP) which gave quantitatively and qualitatively similar results. Table 5 reports the pooled OLS results which reveal a consistent negative and significant effect of income per capita on energy intensity. The coefficients of income per capita estimations range between -0.803 and -1.517 with the impact being larger for the energy intensity of coal (CEI).
The results also show that industrialization is a strong positive determinant of energy intensity and the coefficient is significant across all specifications with relatively stable elasticities ranging between 1.696 and 3.517 across all six models. Since coal is an important input into the process of industrialization, the marginal impact of industrialization on energy usage is consistently stronger for CEI. For urbanization a positive and significant impact for both of the urbanization measures is found. The coefficients range from 1.345 to 2.255, which implies that a one percentage point increase in urbanization would induce a 1.345% to 2.255% increase in energy use holding other covariates constant.
In Table 6 [ Table 5 about here]
[ Table 6 about here]
The difficulty with the results presented in the previous two tables is that under the null hypothesis of cross-sectional independence, all p-values associated with the CD test for TEI and CEI reject the null hypothesis which means there is a problem of cross-sectional dependence. The fact that electricity use suffers less from cross-sectional dependence might be due to the multiple power generation approaches and well-developed power distribution and transmission network occupied by the State Grid Corporation of China (covering 88% of Mainland China) and China Southern Power Grid Company Limited (covering Guangdong, Guangxi, Yunnan, Guizhou and Hainan). 6 Equally problematic is that the CIPS test results suggest that the fixed effects regressions are poorly fitted due to non-stationary residuals. The first attempt to address these concerns is to use mean group (MG) model the results of which are presented in Table 7 .
[ Table 7 about here]
The results in Table 7 show that the coefficients on income per capita and industrialization remain statistically significant at the 1% level (with the exception of the coefficient on industrialization in column (6) which is now insignificant). Income per capita is again negative and industrialization appears to have a large impact on the use of coal. Urbanization continues to have a positive impact on energy intensity in three of the six specifications. The coefficients on both income per capita and industrialization are now much smaller than those of the OLS regressions in Table   5 but consistent with those from the fixed effect model in Table 6 . In contrast to what was found in previous tables, all the MG regressions have stationary residuals according to the CIPS test.
However, the CD test results continue to suggest that there is an issue with cross-sectional dependence. Hence, Table 8 presents the results from the augmented mean group estimations and are the preferred specification.
[ Table 8 about here]
The coefficients on income per capita shown in Table 8 remain generally negative and significant at the 5% level. The coefficients range from -0.29 to -0.81 which is consistent with the elasticities found by Sadorsky (2013) who estimates a range of elasticities from -0.57 to -0.53 and -0.45 to -0.35 for the short run and long run elasticities respectively. The income elasticities for EEI are larger than those of CEI implying that provinces with higher income per capita tend to consume electricity more efficiently. Returning to industrialization, under the AMG specification, it is found to be insignificant in four out of six regressions. The significant coefficients are also smaller than those of the previous tables and are now consistent with the findings of Ma (2015) which is 0.217 although slightly higher than the long-run effect of 0.07 to 0.12 found by Sadorsky (2013) who looks at developing countries more generally. Considering the disaggregated energy types, urbanization (Urban1) has a positive and significant impact on CEI and EEI at the 5% level (Column (2) and (3)). In each case the AMG models pass both tests which gives us greater confidence in the findings. The results suggest that the impact of urbanization on energy intensity is not as clear cut as may have initially thought from the OLS and FE regressions.
To further examine the various channels though which urbanization has an impact on energy use, interaction terms of sector energy intensity and the measures of urbanization are not included. Tables 9 to 12 using both MG and AMG approaches for the three types of energy intensity and two urban indicators. Table 9 presents the analysis of the construction channel. Both the energy intensity in the construction sector and its interaction term with urban indicators are included. It is reasonable to assume that the energy intensity at the sector level will make a positive contribution to aggregate energy intensity. As a result, both CEI and EEI in the construction sector have positive coefficients at least at the 10% significant level. According to Parikh and Shukla (1995) , the process of urbanization tends to be accompanied by increased building and other infrastructure activities. However, the interaction terms between the urban indicators and energy intensity in the construction sector also show a significant and negative impact on both types of energy intensities. This suggests that in those provinces that have higher urbanization levels, the contribution to energy intensity from the construction sector to aggregate energy intensity is lower than that in the less urbanized provinces. In other words, the construction sector uses energy more efficiently in already highly urbanized areas. Given the rapid rate of urbanization in China, the importance of energy conservation in the construction sector has become an important area of policy with the Chinese central government launching a serious of regulations and criteria targeted at the construction sector. For example, the Public Infrastructure Energy Conservation Criteria implemented in 2005 has set various explicit standards from the building designing stage to the construction and maintenance of the new structure.
Returning to the results it shows that the MG results still suffer from non-stationary residuals.
Focusing on the AMG model (which passes both the CD test and CIPS test) the coefficients on the sector energy intensity and the interaction term obtained with Urban2 are generally larger (approximately 3 times) than those for Urban1. One possible explanation is that local residents with non-agricultural hukou have a better chance to purchase one or more houses. Therefore, through the construction channel, the model specification with Urban2 based on the hukou system would lead to a larger impact of urbanization. The income per capita variables remain a negative and significant determinant of energy intensity under the MG and AMG assumptions except in columns (2) and (6). However, the finding for industrialization suggests it only has a minor influence on aggregate energy intensity with the AMG specification showing only one out of four of the coefficients being significant at the 10% level.
[ Table 9 about here]
The second channel where urbanization can have an impact is through the transportation sector.
Energy consumption and emissions tend to raise substantially as intra-city and inter-city mobility increases. At first glance, the transport pathway that links urbanization and energy efficiency suggests an inverted relationship. The results suggest that transportation tends to be more energy efficient in highly urbanized provinces. This is consistent with Norman et al. (2006) who shows that low density areas have relatively a lower number of public transit users. Furthermore, residents living in low density areas have a much higher vehicle dependency than those living in the city center. According to the CIPS test, the AMG specification results are more reliable where the urban impact pathway through the transportation channel found to be weaker. The coefficients for the interaction terms in column (4) and (6) are significant at the 5% level implying that under some circumstances, the transportation sector is less energy intensive in urbanized areas.
As for the other control variables, income per capita remains generally negative and significant under both the MG and AMG specifications, while industrialization drops out in most of the AMG estimations.
[ Table 10 about here]
As noted in Section 2, urbanization is associated with a concentration of economic activity. The usual process of development is from the primary to secondary to tertiary. Table 11 investigates the industry composition channel by including energy intensity in the tertiary sector and its interaction with urban indicators. Energy intensity in the tertiary sector is measured as coal or electricity consumption in wholesale, retail trade and hotel, restaurants subsectors divided by real value added in those subsectors. Column (1), (2), (4), (6) and (8) pass the CD and CIPS test at the 1% level which suggests cross-sectional independent and stationary residuals. The results show that coal consumption tends to be affected the most through this channel. In the first two columns, not surprisingly it is found that coal energy intensity makes a positive contribution to the aggregate coal intensity. The interaction terms have a negative and significant impact on aggregate CEI which implies that in highly urbanized provinces the contribution from the tertiary sector is lower than in less urbanized areas. However, the mechanism is less clear when electricity intensity is considered. Under this impact scenario, income per capita remains the most robust factor and all coefficients are negative and significant at the 1% level. The significance and magnitude of the income effect is fairly stable across all of the channels in Tables 7 to 12, ranging from approximately -0.3 to -0.8. As for the industrialization variable, it performs differently for different energy types with coal use seemingly more affected than electricity use.
[ Table 11 about here] The final channel is lifestyle and residential energy consumption. Residual coal/electricity consumption per capita and its corresponding interaction term with two urban indicators are included in both the MG and AMG specifications. It is notable that under this channel, urbanization performs differently for each of the two energy types. More specifically, when the residential energy consumption is taken into account, residential CEI and EEI are positively related to the aggregate intensity with the aggregate CEI seemingly more affected. The AMG estimation results are presented in columns (5) to (8) in Table 12 . Both of the urban indicators shows a negative impact on aggregate CEI although the interaction terms are insignificant. It implies a significant impact through the other channels and the insignificance of channel four. As for the other covariates, income per capita remains a negative and robust influence on both energy types, and industrialization increases energy intensity.
[ Table 12 about here]
To summarize the results, for each of the four channels only one of the four channels is found to offer a robust explanation for how urbanization affects energy intensity. Energy use in the construction sector in highly urbanized areas tends to be more efficient relative to provinces with low urbanization levels. When considering specific measures of urbanization, Urban1 exerts a significant impact on CEI through the construction and industrial upgrading channel, while Urban2 has an indirect impact on CEI through the construction and transportation channels.
Electricity intensity tends to be affected only through the first two channels. Results show that the impact from the last channel, residential consumption, is not as large as expected. This may be for two reasons. First, the four channels described in the literature are mainly based on the energy consumption amount rather than energy intensity. For example, urbanization is usually accompanied by increased transportation in the city area, while mobility in the city-country fringe tends to have a higher reliance on vehicle transport rather than urban mass transit [35] . The concentration of economic activity also brings the opportunity for the more efficient use of energy.
Based on the theory of industrial symbiosis, firms which are geographically close could form an industrial ecosystem by utilizing the waste materials from one production process into another.
Both economic profits and environmental benefits are maximized via the cycling and reusing of resources such as water and energy [56, 57] . After standardizing by the real value added in each sector, using energy intensity is more meaningful since it measures the efficiency of energy use.
Secondly, disaggregating by energy type may be missing differences at a more disaggregated level.
For example, industries such as transport, storage and post tend to be more petroleum intensive.
As a result, this might explain the insignificant finding for coal/electricity consumption through channel two. The inconsistent performance of two urban indicators reflects the substantial difference between these measures and emphasizes the importance of distinguishing between formal and informal urbanization. The relationship between economic growth, industrialization and urbanization energy can be captured more precisely by taking heterogeneous parameters and common factors into account which are tested for using the CD and the CIPS tests.
Conclusions
The results show that for China, urbanization impacts on energy intensity through the direct and indirect mechanisms. Urbanization measured by the percentage of the floating urban population shows a positive and significant direct impact on both coal consumption intensity and electricity consumption intensity. One percentage point increase in Urban1 is predicted to increase CEI and EEI by approximately 1.5% and 0.8% respectively. The indirect effect of urbanization through the construction sector is generally negative significant and the magnitude of the impact is larger when based on a formal measure of urbanization (Urban2) than that from the informal one (Urban1). The interpretation of the interaction term between urban indicator and energy intensity in the construction sector is that in highly urbanized provinces the construction sector contributes less to the aggregate energy intensity level. In other words, the construction sector utilizes energy more efficiently in highly urbanized provinces. Similar results are found under some circumstances when the transportation and the industrial upgrading channels are considered.
Energy consumption due to residents' consumption was shown to be an efficient channel through which urbanization impacts energy intensity.
With regards to income per capita, there is strong evidence that per capita real GDP affects energy intensity estimated using both classic and more advanced econometric techniques. The elasticity is relatively large for the pooled OLS and ranges from -0.8 to -1.5, whilst it is smaller and stable for the fixed effect and mean group related estimations. The elasticity for the direct effect ranges from -0.3 to -0.8 which is generally consistent with Sadorsky (2013) who estimates elasticities between -0.57 to -0.53 and from -0.45 to -0.35 for the short run and long run respectively. The findings indicate that income per capita is one of the most important drivers of reductions in energy consumption and is in consistent with previous studies that also focus on China's provincial data [30, 41, 42] .
Industrialization is regarded to be one of the overwhelming contributors to China's economic growth. Although energy intensity is found to increase as the percentage of industrial value added increases, the magnitude is not perhaps as strong as expected. It may due to the cleaner production benefiting from technology improvement [49, 50] . Since accession to the World Trade Organization (WTO), the Chinese central government has launched a series of nation-wide policies focusing on energy conservation and emission reductions. These policies cover various aspects of secondary industry such as power generation and the manufacture sector. Increasing openness could also lead to the diffusion of energy-saving technologies. As a result, the positive effect of industrialization on energy intensity tends to be limited because of the active or passive technology change.
The findings in this paper suggest a number of interesting policy implications. First, the sensitivity of the results to the use of mean group techniques emphasizes the importance of provincial heterogeneity in China. Different geographical structures, nature features, energy storage and availability and even local culture and preference could all be part of the explanation. As a result, national targets need to be reconsidered taking into account local features. Identifying the inherent features of a region and implementing energy and environment policy at the local levels should be considered. Secondly, more attention should be given on the differences between informal urbanization and formal development. Behind the different performances from the two urban measurements however are questions relating to the quality of the urbanization. Without basic infrastructure and urban planning, many urban areas in China are abandoned (so called ghost cities) while others consist of large numbers of high-rise buildings. Reform of hukou system will help to improve information management and optimize urban planning. Finally, policies to develop and plan for changes in industrial structure and technological upgrading need to be carefully considered. There is no doubt that urbanization and industrialization will continue for the foreseeable future despite the global slowdown in growth. Improving the efficiency of energy use may have a short term detrimental impact on economic growth but needs to be considered as part of a bigger picture to reduce urban air pollution and reduce China's dependence on imported energy. Finally, it is possible that the recent policy to encourage further urbanization may not have the negative impact on energy intensity and hence pollution that some expect. Equally, urbanization may not deliver the reductions in energy intensity that others might expect. Income is the annual average real GDP per capita (10,000 RMB/person); Industrialization is the annual average secondary industry value added divided by GDP; Energy intensity is the annual average energy consumption per real GDP (tons standard coal/10,000 RMB); Coal intensity is the annual average coal consumption per real GDP (tons/RMB 10,000) and the electricity is the annual average electricity consumption per real GDP (kWh/yuan);
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The two urban indicators are urban population density and nonagricultural population density. For the CIPS test, the null hypothesis is non-stationarity. RMSE (root mean square error). Robust standard errors are reported in parentheses. ***, **, * denote significance at the 1%, 5% and 10% levels respectively. 
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